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Abstract Demographic ageing is a key societal challenge in Europe as well as in many
other western and non-western societies. A crucial dimension concerns elderly daily
mobility patterns. While still partaking fewer and shorter trips than younger generations,
today’s elderly have been found increasingly (auto)mobile. Although the elderly benefit
from the independence, freedom of movement, and social inclusion, concerns may rise
regarding the environmental and accessibility impacts of this induced mobility. The present
study adds to the expanding literature on elderly mobility, an integrated analysis of the
effects of socio-demographic, health, trip, spatial and weather attributes on elderly
mobility. Utilizing travel diary data for Greater Rotterdam, The Netherlands, trip fre-
quencies and transport mode choices of the elderly are analysed by means of zero-inflated
negative binomial models as well as multinomial logit regression models, and contrasted to
the non-elderly subpopulation to explore (dis)similarities. While the results show common
determinants, the models also highlight important differences in the magnitude of the
estimated coefficients and factors only influencing transport patterns for the elderly.
Embedded in the context of an aging population, the empirical findings assist policy-
makers and planners in several respects: For transportation plans and programs it is critical
to recognize mobility needs of the elderly. As the seniors are becoming increasingly
automobile, the results call for strategies to encourage older people to use more physically
active and environmentally friendly transport modes such as public transport, walking and
cycling.
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Ageing is one of the key societal challenges worldwide, and especially in Europe where the
majority of baby-boomers are soon reaching their retirement age (European Commission
2014). For the Netherlands the share of the population aged 65 or above is expected to rise
from 16 % in 2010 to between 23 and 29 % in 2040 (Netherlands Environmental
Assessment Agency 2013). Besides well-documented social and economic implications
(e.g. Harper 2014), ageing also has significant consequences for the transport sector.
Although elderly have still been found to travel less often and less far than younger age
groups (e.g. Collia et al. 2003), they have become increasingly mobile over the last
decades, because of increased income levels, better health, and more active lifestyles (e.g.
Marrattoli et al. 2000)—a trend which is likely to proceed (e.g. Arentze et al. 2008).
Moreover, the elderly rely, less than before, on public transport and more on the car (e.g.
Noble 2000; Rosenbloom 2001; Alsnih and Hensher 2003; Donaghy et al. 2004). As a
consequence, some scholars find that the elderly constitute the fastest growing segment of
the driving population, both in terms of license rates and kilometres travelled (e.g. Okola
and Walton 2003; Banister and Bowling 2004).
While studies emphasise the importance of the elderly’s mobility for their social
inclusion (e.g. Ravulaparthy et al. 2013) and quality of life (e.g. Delbosc and Currie 2011;
Haustein and Siren 2014), concerns are being raised regarding the implications of this
induced automobility to society, in terms of greenhouse gas emissions, environmental
pollution and congestion (e.g. Rosenbloom 2001; Banister and Bowling 2004). In the
Netherlands, Jorritsma and Kalter (2008) have found that an increase in elderly out-of-
home activities has led to a 3 % growth in overall distances travelled. In addition,
increased car dependency amongst the elderly may have negative health impacts resulting
from a lack of physical activeness (e.g. Oxley and Whelan 2008; Kemperman and Tim-
mermans 2014), which, especially at older age, is vital to physical (e.g. Visser et al. 2002)
and mental health (e.g. Binder et al. 2002; Strawbridge et al. 2002).
This societal relevance of elderly mobility has led to a rapid recent expansion of scientific
literature. Research conducted so far investigates the influence of socio-demographic fac-
tors(e.g. Kim and Ulfarsson 2004; Rosenbloom 2004; Li et al. 2012; Mercado and Pa´ez 2009;
Schmo¨cker et al. 2008; Hjorthol et al. 2010; Kim 2011, Yang et al. 2014a), spatial environ-
ments (e.g. Schwanen et al. 2001; Waldorf 2003; Banister and Bowling 2004; Michael et al.
2006; Hess 2009; Borst et al. 2009; Go´mez et al. 2010; Hall and McAuley 2010; Kemperman
and Timmermans 2014), and policies (e.g. Mercado et al. 2010) on elderly activity patterns,
trip frequencies, transport mode choices, and physical activeness. Although all of these studies
provide essential contributions to the field, several shortcomings can be identified. First, while
most studies focus on just one type of elderly travel behaviour (e.g. only trip making or mode
choice), only few look at the effects on multiple behavioural aspects simultaneously (e.g.
Schwanen et al. 2001; Collia et al. 2003; Arentze et al. 2008). Second, while many existing
studies look at elderly populations exclusively, fewer studies conduct comparisons to younger
age cohorts (e.g. Schwanen et al. 2001; Rosenbloom 2004; Pa´ez et al. 2007; Mercado and Pa´ez
2009; Hjorthol et al. 2010). Third, with regard to the effects of spatial environments, previous
research is often limited to the effects of address density or the availability of different
infrastructures, whereas other components of the built and natural environment, such as land
use patterns and building diversities, are often not considered (for an exception see Kem-
perman and Timmermans 2014). Moreover, in contrast to static spatial attributes, elderly
mobility studies scarcely address dynamic natural environmental conditions including
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daylight, seasonality and weather (exceptions are Hjorthol 2013; Yang et al. 2014a). This is
surprising given that elderly are considered as more sensitive or vulnerable to weather than
younger age groups (e.g. Dı´az et al. 2002; Tuomaala et al. 2013; Bo¨cker et al. 2014).
In order to address these shortcomings, this research aims to provide an integrated
analysis of the effects of socio-demographics, health attributes, trip characteristics, spatial
environments, and normal and extreme weather on elderly as compared to non-elderly trip
making and transport mode choices. Daily trip frequencies and transport mode choices of
the elderly are analysed in zero-inflated negative binomial and multinomial logistic
regression models, and are contrasted with the non-elderly subpopulation to explore
(dis)similarities. This study draws on Greater Rotterdam (The Netherlands) stated adap-
tation data and travel diary data linked to spatial and weather attributes. The remainder of
this paper is organized as follows. ‘‘Literature review’’ section reviews the literature
concerning transport-related factors. Next, the research design is introduced in ‘‘Research
design’’ section. ‘‘Results and discussion’’ section presents major results while ‘‘Conclu-
sion’’ section highlights key conclusions and discusses possible implications.
Literature review
To investigate the potential effects of ageing on mobility patterns, several mostly western-
world studies have compared elderly trip making and transport mode choices to younger
generations. American (e.g. Collia et al. 2003; Kim and Ulfarsson 2004; Hess 2009; Kim
2011), Canadian (e.g. Newbold et al. 2005; Mercado and Pa´ez 2009; Pa´ez et al. 2007), and
Australian (e.g. Currie and Delbosc 2009) studies, find that elderly have similar car
dependent transport mode shares than younger generations, but that they make fewer and
shorter trips. However, it is increasingly emphasised that levels of mobility differ not only
between the elderly and non-elderly, but also within elderly populations. Alsnih and
Henscher (2003) from a literature review, conclude that it is useful to distinguish between
younger (65–75) and older (75?) elderly, because this marks the age in which health
limitations become more prominent. Hildebrand (2003), (Haustein 2012) and Siren and
Haustein (2013) segment elderly mobility in more diverse ways based on their depen-
dences of, and their attitudes and lifestyles regarding, mobility in general and different
transport modes in particular.
In search for explanatory factors for within-elderly heterogeneity in mobility behaviours
scholars often highlight socio-demographic profiles. Pa´ez et al. (2007) and Newbold et al.
(2005) respectively find that female and unemployed elderly perform fewer and shorter
trips than their male and employed counterparts. The latter can be attributed to non-
commute trips being generally shorter in distance. Pa´ez et al. (2007) add that having a
driver’s license and access to a car positively affects elderly trip frequencies. Kim and
Ulfarsson (2004) report that elderly with higher incomes are more likely to drive or
carpool. Besides, Kim (2011) finds that ethnic minority elderly women make fewer trips
than the average elderly, which could indicate an inhibiting effect of belonging to an ethnic
minority. Hess (2009) elaborates on the role of household types, finding that single
household elderly are more likely to use public transport.
In the United Kingdom, Li et al. (2012) explored transport mode choices of the elderly
and confirm that the private car is the most commonly used transport mode. However,
unlike most of the earlier mentioned North American and Australian studies, their results
indicate that the share of car use decreases at higher ages. Moreover, Schmo¨cker et al.
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(2008) investigated shopping trip transport mode choices amongst a sample of older and
disabled people in London, UK. As with the other studies, car use appeared to be the most
important transport mode. With respect to gender, both Li et al. (2012) and Schmo¨cker
et al. (2008) find that elderly women make fewer trips than elderly men, and (if they do)
rely less on car and more on bus travel. Schmo¨cker et al. (2008) report in addition that
higher income has a negative effect on public transport use. Similar findings have been
found in other parts of Europe. In a study amongst Danish, Norwegian and Swedish
elderly, Hjorthol et al. (2010) confirm earlier findings that women, as well as those who
own no driver’s license, perform fewer trips in general and fewer trips by car in particular.
With regard to car ownership, the authors notice that elderly men are more likely to keep
their cars when they are older compared to elderly women.
Also in the Netherlands, the context of this study, elderly mobility received some
attention. Schwanen et al. (2001) analyse elderly leisure trips, and approve the general
picture that the elderly travel less often than younger age cohorts. Of all transport modes
the elderly most commonly use the private car, although elderly car usage (as well as
walking and cycling) decreases with older age to the benefit of public transport. Addi-
tionally, elderly women are more likely to use the public transport, whereas lower income
and unemployed elderly are more likely to walk and cycle. Highly educated elderly were
found to conduct more trips in general, more trips further away from home, and a larger
share by public transport. Finally, having a driver’s license and (even more so) owning a
car enhances car use compared to all other transport modes. In a more recent Dutch study
Van den Berg et al. (2011) analyse elderly social trip frequencies. In contrast to earlier
studies, no age effect is reported. Full-time employed and lower educated elderly perform
fewer social trips. Congruent with Schwanen et al. (2001), car owners and lower educated
elderly perform (social) trips more likely by car.
In addition to the effects of socio-demographic factors, elderly mobility studies have
investigated the role of spatial contexts. Residential environments may be of particular
importance to the elderly, not only because the elderly travel overall less far from home
than younger age groups (Collia et al. 2003), but also because their spatial needs are more
demanding—e.g. safe crossing points, resting places, equal pavement surfaces (Metz
2003). When analysing the role of spatial contexts on elderly mobility, most studies look at
the degree of urbanisation. In a German study, Scheiner (2006) finds that the degree of
urbanization has no effect on elderly out-of-home leisure activity frequency, diversity or
distance, as well as no effect on unfulfilled elderly activity wishes or leisure satisfaction.
Others however, do find effects. In their London study, Schmo¨cker et al. (2005) find that
elderly in higher density residential environments travel shorter distances. Schwanen et al.
(2001) point out that elderly in the four largest Dutch cities in the Randstad Holland travel
more often than those outside this metropolitan region. Additionally, elderly in urban
residential environments are more likely to use the public transport compared to travelling
by foot, car and especially bicycle. In contrast, in a Danish study Figueroa et al. (2014) find
that elderly substitute car use by public transport less in higher densities than non-elderly.
However, Schwanen and others in their Dutch study point out that residential context
mostly matters when elderly do not own a car. However, when they do, they are most
likely to travel by car regardless of the environment. Kemperman and Timmermans (2014)
find that elderly in Dutch urban areas are more likely to walk and less likely to cycle, than
those in rural areas. Additionally, they consider the impact of green space, concluding that
green residential environments stimulate both walking and cycling amongst the elderly.
Other studies find that elements associated with walk ability have positive effects on
elderly physically active travel. For instance, the presence of car free zones (Go´mez et al.
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2010), pavements, dwellings, gardens and shops (Borst et al. 2009), and the amount of
walking paths in the direct vicinity to the home (Hall and McAuley 2010), all have positive
effects on elderly walking. As an exception, Michael et al. (2006), report no effect of
walking path density on the amount of elderly walking trips made within the
neighbourhood.
Existing studies address spatial contexts predominantly from a static point of view. In
contrast, only few studies on elderly mobility have explored dynamic natural processes that
could have profound spatial ramifications (i.e. seasonality, weather). This limited attention
for weather conditions is surprising, given the elderly’s higher sensitivity to cold and hot
weather conditions compared to younger people (e.g. Dı´az et al. 2002; Tuomaala et al.
2013). The limited evidence includes a study from the Netherlands by Yang et al. (2014a),
who cluster elderly based on their travel patterns. They find that some have season-specific
travel patterns, such as driving or being driven by car in winter, while making use of active
modes in other seasons. Also for the Netherlands, Bo¨cker et al. (2014) find that elderly
experience cold weather as colder than younger age groups which negatively affects the
elderly’s choices to walk and cycle, in comparison to motorised transport. Finally, in
Norway, Hjortol (2013) investigated elderly mobility in demanding Norwegian winters.
The effects of winter conditions (i.e. snow-cover, icy pavements, low temperature), proved
very challenging for elderly with walking problems.
Research design
Study area
The study area is Greater Rotterdam: a mainly densely populated area with 1.2 million
people (RegioAtlas 2014) in the west of the Netherlands bordering the North Sea. The
rationale for selecting Greater Rotterdam is threefold: First, Greater Rotterdam will be
subjected to an ageing population in the coming decade. From 2014 to 2025, the province
of South-Holland, of which Rotterdam is part, expects a 27 % increase of the number of
people over 64 and a 40 % increase of the number of people over 84 years old (Dienst
Gezondheid and Jeugd 2014). Second, the area comprises rich population diversity in terms
of ethnicity and socio-economic status, both amongst the elderly and non-elderly popu-
lations. Third, the diversity in the built environment across the region ranges from rural to
suburban landscapes to the dense inner-city areas of Rotterdam with its modern high-rise
buildings resulting in diverse travel patterns.
Data
This study draws on a travel diary dataset used previously in earlier publications (e.g.
Bo¨cker and Thorsson 2014; Helbich et al. 2014). Between August 2012 and February 2013,
945 respondents have been randomly assigned six survey days; two in summer, two in
autumn and two in winter. To achieve a spatially well-balanced data, the sampling design
stratifies the study area in inner-city, outer-centre, green/sub-urban and rural areas. Groups
expected to have lower response rates including the elderly and ethnic minorities have been
oversampled. With the exception of underrepresentation of lower educated and people with
a non-western ethnicity, the overall sample (elderly and non-elderly combined) represents
the region’s population statistics relatively well. For the present research, we have
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extracted data from 147 elderly aged at least 65 years, and contrasted these to the
remaining 798 non-elderly respondents. Within this elderly subsample, women and non-
western elderly are underrepresented, while other attributes are relatively well distributed.
In our models we account for the sample bias by controlling for all socio-demographic
background attributes. The remaining data about the general population serves as reference
for cross-comparisons.
In addition to transport-related variables (e.g. trip distance, motives), data about indi-
vidual (e.g. age, gender), household (e.g. household income, number of cars) and health-
related attributes are collected through questionnaires. Health-related attributes may be key
factors in explaining elderly mobility. Data on length and weight are collected and used to
calculate BMI values, which are categorised as ‘‘obese’’ if above or equal to 30. Moreover,
information is collected on whether people are constraint by some form of disability in
daily life (and if so, by which type). Respondents report mostly physical disabilities
(including cardiovascular and muscular diseases, diabetes or visual impairment), but some
also indicate mental health issues, such as burnout and depression. Because of the limited
share of disabled respondents and the wide range of reported disabilities, we have analysed
disabilities as one single category.
In a subsequent step, respondent’s residential addresses are geocoded via Dutch
cadastral data ‘Basisregistraties Adressenen Gebouwen 2012’ (BAG). Utilizing a geo-
graphic information system, several variables describing the built and natural environment
are computed. Hereto a 100 m grid is superimposed on the study area and for each cell the
following three indicators are computed: First, address density comprises the combined
number of residential and commercial addresses per cell, which is later rescaled as the
number of addresses per km2. Second, the building usage diversity refers to the mix of
building usages (i.e. office, shop, public service, etc.) and is operationalized based on the
Shannon entropy index. A value of 0 indicates a single building usage; higher values
represent buffers in which building usages are more diverse. Third, based on data from
‘Landelijk Grondgebruiksbestand 6’ green spaces are extracted referring to the surface-
area percentage of all combined green land uses (e.g. parks, forests), except agriculture.
Subsequently, a circular buffer (see Wong et al. 2011) of 300 m around each residential
location is computed and intersected with the averaged gridded environmental variables.
Finally, during the length of the study period, daily meteorological data for the nearest
weather station (‘Zestienhoven’ 51570N, 4270E) are obtained from the Royal Dutch
Meteorological Institute (2013). Following Helbich et al. (2014), the following daily
weather variables are considered: (a) daily maximum air temperature in C, (b) precipita-
tion sum in mm, (c) average wind speed in m/s, and (d) a dummy variable indicating snow
cover. Table 1 presents key descriptive statistics for all variables for both elderly and non-
elderly population. The influence of marginally occurring (extreme) weather events like
heat, frost, snow/ice, extreme rain and storm on elderly and non-elderly mobility has been
investigated via supplementary descriptive analyses, based on stated adaptation questions
in the survey. This analysis is restricted to errands and leisure trips, as (unlike work trips)
both elderly and non-elderly commit these types of trips.
Multivariate modelling techniques
Two multivariate analyses are performed to estimate the determinants of elderly trip
frequencies on a daily level and transport mode choices on a trip level. Both analyses
consist of separate models for the elderly and non-elderly age-cohorts. The first analysis

































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































regression model has been rejected here because the variance in trip frequency exceeds its
mean, which provokes an estimation bias and inconsistent estimates (Lord and Mannering
2010). To deal with the issue of over-dispersion a negative binomial model is recom-
mended, even though an excess of zeros in the data challenges the analysis. For example,
strong precipitation during a day might resign people from outdoor trips and they stay at
home. While restricting the analysis to C1 trip or re-classifying the number of trips to a
binary variable would avert related complications, it would consequence an unaccept-
able loss of information. To consider the entire information, we estimate a zero-inflated
negative binomial model (ZINB; Lord and Mannering 2010). For model evaluation, the
ZINB model is compared with the standard negative binomial model through the Vuong
(1989) test statistic.
The second analysis investigates transport mode choice (i.e. automobile, cycling,
walking, and public transport) on a trip level in a multinomial logit regression analysis. The
car is chosen as the reference category, because from a policy perspective it is particularly
interesting to see how each of the alternative transport modes compares to the car. Both
analyses are based on observations (trips or day records) that are non-independent, because
they are hierarchically nested within respondents. To relax the requirement of independent
observations, we adjust for within-cluster correlations by estimating robust standard errors
for observations clustered within one respondent (Wooldridge 2002).1 Figure 1 presents
the research design in a conceptual model.
Fig. 1 Conceptual model





To investigate which factors influence elderly trip frequencies in comparison to younger
age cohorts, Table 2 reports on the zero-inflated negative binomial model outcomes of
daily trip frequencies, based on the 625 day records by elderly people and 3659 days
records by younger age cohorts. The zero-inflated model was chosen over the regular
negative binomial model based on the Vuong test, which indicated a significant
Table 2 Results for the ZINB models on the number of trips per person per day
Elderly (N = 625) Non-elderly (N = 3659)
Coef. z-value Coef. z-value
Intercept 0.795 0.95 0.751 5.45
Individual and household attributes
Age -0.007 -0.76 0.007*** 4.24
Male (ref = female) 0.044 0.33 -0.010** -2.62
Educationa (ref = high), low 0.209* 1.75 0.152*** 2.85
Education middle -0.020 -0.17 0.124** 2.47
Ethnicity (ref = Native Dutch), Non-Western -0.361** -1.97 -0.120** -2.35
Household income (ref =\ 2000€), 2000–3000€a -0.134 -1.06 -0.068 -1.34
Household income[ 3000–4000€ -0.089 -0.64 -0.054 -0.96
Household income[ 4000€ -0.328* -1.73 -0.172** -2.48
Household size 0.259 1.44 0.072*** 4.76
Number of cars (ref = no car), 1 car -0.008 -0.05 -0.057 -0.94
Number of cars, 2 cars or more -0.003 -0.01 0.002 0.03
Bicycle availability (ref = no) 0.429** 2.27 0.057 0.85
Public transport card owner (ref = no) 0.161 1.49 -0.005 -0.03
Health attributes
Obese (ref = not obese) 0.117 1.01 0.001 0.03
Disability (ref = no disability) -0.356** -2.22 -0.198*** -3.10
Trip attributesb
Weekend (ref = weekday) -0.382*** -4.48 -0.205*** -5.19
Built and natural environment
Address density (in 1000 addr./km2) 0.001 0.03 -0.014 -1.04
Building diversity (Shannon index) -0.292 -0.87 0.097 0.87
Surface % green space -0.005 -1.49 -0.002** -2.15
Maximum daily air temperature in C -0.003 -0.73 0.006*** 3.95
Daily precipitation sum in mm -0.021* -1.76 -0.004 -1.09
Average daily wind speed in m/s -0.027 -1.04 -0.002 -0.24
Snow cover (ref = no), yes -0.240** -2.38 -0.027 -0.63
Model quality: Wald Chi2/R2 (Nagelkerke) 141.97***/0.210 132.82***/0.073
Signif. codes: *\ 0.10; **\ 0.05; ***\ 0.01
a Categories with unknown values are estimated but are not shown in the table
b Due to a daily analysis level, trip-specific attributes like motive and travel distance cannot be considered
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improvement in model fit for both subsamples (elderly: z = 1.93, p = 0.027; non-elderly:
z = 1.76, p = 0.039). With a Nagelkerke pseudo-R2 of 0.210 our model explains elderly
reasonably well. In contrast, the non-elderly model leaves more variance in trip making
unexplained (Nagelkerke pseudo-R2 of 0.073). Correlation analysis rejected problems with
multicollinearity between the predictors.
As shown in Table 1, the elderly travel less (2.9 trips on average per person per day)
than younger age cohorts (3.2 trips per person per day). When looked at the effect of age on
trip frequencies within the elderly subsample, in line with Currie and Delbosc (2009) and
Pa´ez et al. (2007), a negative effect of age can also be observed, but it cannot be statis-
tically confirmed. Also, reduced trip frequencies amongst elderly women as found by e.g.
Pa´ez et al. (2007), Schmo¨cker et al. (2008) and Li et al. (2012), cannot be statistically
confirmed. Nevertheless, gender differences amongst the elderly contrast with that of the
non-elderly, where women are found to participate in more trips than men. When looked at
the effects of education, in contrast with Schwanen et al. (2001), both elderly and non-
elderly lower educated perform more trips than higher educated. For both subsamples, a
similar trip-reducing effect is found with regard to the highest income ([4000€), although
in line with Mercado and Pa´ez (2009), this negative effect of high income amongst the
elderly is statistically not significant. As expected, for instance as a result of chauffeuring
tasks, larger households perform more trips, but also here the effect is non-significant for
the elderly. An interesting finding in congruence with Kim (2011), but for the rest largely
uncovered in the literature, is a statistical confirmation that non-western elderly make
fewer trips than western native Dutch elderly; an effect also observed amongst younger age
cohorts. Cultural differences may play a role here. In some cultures it is common practice
that children take care of their parents, while in western cultures the elderly are increas-
ingly expected to be independent. When looked at the effects of mobility resources, in
contrast to some existing studies that stress the societal isolation of elderly who do not have
access to a car (e.g. Ravulaparthy et al. 2013), we do not observe an effect of car ownership
on trip frequency. An explanation could be that in the Netherlands the car is not as
dominant as it is in other western countries. This could also explain why bicycle avail-
ability, does have a strong positive effect on elderly trip making. For non-elderly, owning a
bicycle does not affect trip making significantly. It illustrates that cycling is an essential
means of transport for Dutch elderly. It may also be hypothesised that (not) owning a
bicycle as an elderly could be a more general indicator of (poor) health. Of the health
indicators, disability has a strong negative effect on both elderly and non-elderly trip
frequencies, while obesity has no significant effect.
Additionally, Table 2 shows that various spatiotemporal attributes matter for elderly
and non-elderly trip making. Even though most elderly have reached retirement, they
demonstrate a weekly rhythm of clearly fewer trips during weekends in comparison to
weekdays. Spatial context attributes of the residential environment do not have a pro-
nounced effect on elderly trip making. Overall, a greener neighbourhood seems to have a
negative effect on the number of trips, although for the elderly this effect cannot be
statistically confirmed. This negative effect could indicate that people in (attractive) green
neighbourhoods stay more in and around the house or garden, while people in areas with
relatively little green may report more trips for leisure.
When looked at the effects of weather a higher impact can be observed. Moreover, the
effects of weather differ clearly between elderly and non-elderly. While for the non-elderly
maximum daily air temperature shows a significant positive association (confirming e.g.
Sabir 2011), for the elderly an opposite negative effect, although non-significant, can be
observed. This could possibly indicate that, in line with studies indicating higher heat
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sensitivity amongst elderly (e.g. Tuomaala et al. 2013), warm or hot weather conditions are
for the elderly a reason to stay inside. Moreover, elderly appear more sensitive to pre-
cipitation and snow cover. Both have a significant negative effect. The latter may be
related to the higher risks elderly have to fall under slippery conditions (Hjorthol 2013).
Because extreme weather events are marginally occurring, their impacts on trip fre-
quencies may be underestimated in the model. However, this does not make the impact of
extreme weather less relevant, certainly not when elderly mobility is concerned. Supple-
mentary descriptive analyses of stated adaptation data show that a larger share of elderly
than non-elderly state that they cancel errands and leisure trips than non-elderly, with the
occurrence of extreme weather events (Fig. 2). Snow/ice, extreme rain and storm are most
disruptive, especially for the elderly. Heat has little effect on non-elderly trip making, but
does keep a considerable share of elderly from making trips (15 %). Sub-zero temperatures
have little effect as long as they are not combined with slippery conditions.
Mode choice
Substantial descriptive differences are between elderly and non-elderly transport mode
choices (Table 1). While the non-elderly perform 49.0 % of their trips by car, this is only
the case in 39.2 % for the elderly. For the latter, walking seems to be more important
(29.4 %) than for the non-elderly (19.4 %). Explanations may include that elderly travel
shorter distances (7.5 km on average per trip compared to 9.8 km for non-elderly) and own
fewer cars (22.4 % of the elderly owns no car, compared to 18.3 % of the younger age
cohorts). No differences between elderly and non-elderly public transport usage can be
identified, however a new policy initiative to offer free public transport to elderly (RET
2015) may change this in the coming years.
In order to determine which factors influence elderly and non-elderly transport mode
choices, multinomial logit regressions are estimated for both groups (Table 3). The anal-
ysis is conducted on a trip level and comprises 1766 trips for the elderly and 11,000 trips
for the general population. With a Nagelkerke pseudo-R2 of 0.518 for people below
65 years and 0.614 for people above 65 years, both models fit the data well. Correlation
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The multivariate results in Table 3 show no significant age effect on transport mode
choices within the elderly and non-elderly subsamples. Other socio-demographic factors, in
particular gender, exert a more prominent effect. Moreover, gender differences in transport
mode choices are more important amongst the elderly than younger people. While for the
non-elderly only a significant gender effect on bicycle usage can be found (women cycle
more than men), when looked at the elderly, women are more dependent on walking,
cycling and using the transport in comparison to the car. This confirms earlier findings by
Schmo¨cker et al. (2008) that elderly men are more likely to take the car, and Schwanen
et al. (2001) who highlight a stronger public transport dependency amongst elderly women,
despite recent trends indicating an increase in women’s automobility (Schwanen and Pa´ez
2010). Ethnicity appears to be another influential socio-demographic factor. In congruence
with a limited body of literature investigating ethnicity effects on transport mode choices
(e.g. Harms 2007) our results demonstrate that people with a non-western ethnicity cycle
less and use the public transport more than native Dutch. Moreover, it appears that this is
especially true for non-western elderly, indicating the importance of public transport to
non-western elderly. In congruence to Mercado and Pa´ez (2009), household size does
matter, especially to the elderly. Elderly living in larger households walk, cycle, and use
public transport significantly more than those living in smaller households. In contrast, for
non-elderly household size is only significant for bicycle use. A positive effect of higher
education on public transport usage, as found by Schwanen et al. (2001), could only be
statistically confirmed for the non-elderly. Also household income has neither for the
elderly, nor for the non-elderly, a significant effect on transport mode choices. However,
differences between richer and poorer elderly may very well exist, but are likely mediated
by differences in access to different transport modes. As expected, for both the elderly and
non-elderly the most important transport mode determinants are transport resources on the
household level. In congruence to Schwanen et al. (2001), for both the elderly and non-
elderly, car ownership has an important negative effect and public transport card ownership
an important positive effect on the use of all transport modes other than the car. Bicycle
ownership positively affects elderly cycling and non-elderly walking and cycling compared
to the car.
Of the health attributes, obesity is associated with significant reductions in walking and
cycling amongst non-elderly, although causality of the relationship is difficult to establish.
Disability has an important additional effect on transport mode choices amongst the
elderly, which articulates the existence of within elderly variation in mobility patterns.
Elderly constrained by disabilities in daily life, walk and use the public transport less,
while being more often dependent on the car, and possibly on accompanying relatives or
friends to chauffeur them.
When looked at trip characteristics, distance appears to be an important factor. For both
the elderly and non-elderly, shorter distances are significantly more likely performed by
bicycle and especially by foot, while long distances are significantly more likely performed
by car and especially the public transport. However, when looked at the parameter coef-
ficients and z-scores, the magnitude of distance effects is larger for the elderly. This may be
explained by biological constraints or difficulties to walk and cycle longer distances with
increasing age. As such, it may also reflect a higher dependency of the elderly on the car
and public transport for longer distance trips. With regard to trip motives, both elderly and
non-elderly are more likely to travel by car when travelling for leisure, and by foot, bicycle
and public transport when travelling for works/study, errands and social visits. In addition,
elderly transport mode choices are strongly related to whether they are travelling alone or
in companion. When travelling in companion, elderly are more likely to do this by car, and
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less likely to cycle, walk or use the public transport. In comparison, non-elderly, when
travelling in companion, are also more likely to do this by car and less likely to do this by
bicycle, however they are not significantly less likely to do this by foot or public transport.
Elderly transport mode choices do not differ significantly between weekdays and week-
ends. In this they differ from younger age cohorts who travel significantly less by public
transport during the weekend.
From the built environmental attributes, address density has a significant positive effect
on public transport usage over to the car, for the non-elderly, but even more so for the
elderly. This could be related to better access to public transport in higher density areas,
which could be of particular importance to the elderly, who may have a limited ability to
reach stations and make transfer connections. Address density has a significant negative
effect on elderly’s likelihood to cycle compared to the car, while this effect is not observed
for younger age cohorts. High-density areas may be experienced as less attractive as they
feature busy and fast traffic, which could particularly deter elderly cyclists. This finding is
intertwined with the significant positive effect of green space, which could be an indicator
for a more quiet and attractive environment for elderly cycling. Finally, building diversity
positively affects walking compared to the car for both elderly and non-elderly. A likely
explanation could be the proximity of facilities as a result of mixed use, which makes
walking a viable option, especially for elderly.
As transport decisions are influenced by weather conditions (Helbich et al. 2014), the
models are adjusted in this respect. Both for the elderly and non-elderly, daily maximum
air temperature has a significant positive effect on cycling in comparison to the car, but it
leaves walking and public transport use largely unaffected. Precipitation sum, while having
an important significant negative effect on non-elderly cycling, has no significant effect on
elderly transport mode choices. Wind speed has no significant effect on transport mode
choices, both for the elderly and non elderly. Snow cover increases the relative share of
elderly walking. This does necessarily mean that elderly walk more. A more likely
explanation is that snow deters some elderly to drive (the reference category), and perhaps
stay closer to the home.
Figure 3 provides the descriptive results of a supplementary analysis of the impact of
marginally occurring extreme weather events on elderly and non-elderly stated transport
mode adaptations. As observed earlier for trip cancellations, extreme weather events affect
Fig. 3 Impact of extreme weather on stated transport mode adaptations
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a larger share of elderly in their errands and leisure transport mode choices than non-
elderly. Especially snow/ice, extreme rain and storm make the elderly to switch transport
modes. These effects are stronger for leisure than for errands trips.
Conclusions
In most western and several non-western societies, in particular in densely populated urban
regions, demographic ageing presents major challenges to the transport sector to quanti-
tatively absorb the induced elderly mobility demand, while at the same time qualitatively
catering for the specific mobility needs that elderly require. In this context, this paper
addresses and unites several issues currently underexplored in elderly mobility research:
(a) an integrative investigation of both transport mode choices and trip making; (b) a direct
comparison with non-elderly age cohorts; (c) an investigation of within-elderly variation in
mobility based on socio-demographics and health attributes; (d) an investigation of
physical and natural elements of the built environment on a neighbourhood level, and
(e) an analysis of normal and extreme weather characteristics on elderly mobility. Drawing
on six-day travel diary data amongst 945 respondents in Greater Rotterdam, the Nether-
lands, this paper analyses the effects of socio-demographics and trip, urban form and
weather attributes on daily trip frequencies and transport mode choices utilizing zero-
inflated negative binomial and multinomial logistic models. Multivariate mobility analyses
are complemented by stated adaptation analyses of the effects of weather extremes.
Our results indicate differences between the elderly and non-elderly regarding:
(a) overall travel frequencies (elderly travel less) and transport mode choices (elderly walk
more and use the car less), and (b) the socio-demographic, trip, urban form and weather
determinants underlying the travel behaviour within both groups. When looked at socio-
demographics, age and gender have no significant effect on within-elderly trip frequencies.
However, women, especially elderly women, are more dependent on walking, cycling and
the public transport, while men more often use the car. Elderly with a non-western eth-
nicity travel less in general, and less by car and bicycle in particular—both to the benefit of
public transport. Education and income effects on elderly mobility are relatively little, but
may be mediated by transport resources. Car ownership is positively and public transport
card membership negatively associated with elderly car use compared to all other transport
modes. Bicycle ownership is positively associated with elderly cycling shares and elderly
trip making in general, perhaps as an indicator of general health, but nevertheless high-
lighting the importance of cycling to the Dutch elderly. Regarding health attributes, dis-
ability reduces trip frequencies for the elderly and non-elderly, while obesity is negatively
associated with active transport mode usage amongst non-elderly (but not amongst the
elderly).
Regarding spatiotemporal trip attributes, elderly show similar trip frequencies over
week- and weekend days (higher frequencies on weekdays), and transport mode choices
according to trip motives (higher use of motorized modes for leisure) as non-elderly. Also,
both subsamples report increased usage of motorized over active transport modes with
increasing trip distance. However, this effect appears stronger for the elderly, which could
be explained by physiological limitations or slower speeds regarding the use of active
modes. Our results indicate that compact designs with high address densities and mixed
land uses stimulate public transport usage and walking respectively, especially amongst the
elderly. Possibly, the shorter distances to services and better public transport connections
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are of particular importance to the elderly. In contrast, the elderly cycle less in higher
density urban areas with a lack of green, possibly related to the fast pace of busy inner-city
traffic.
Weather also has differential effects on the elderly and non-elderly. Higher air tem-
perature has no positive effect on elderly trip making as it does for the non-elderly. In
congruence to existing research (e.g. Tuomaala et al. 2013), our stated extreme weather
adaptation results show that this is most likely related to the elderly’s higher heat sensi-
tivity. Precipitation sum and snow cover have a trip-reducing effect on the elderly not
observed for the non-elderly. This is possibly explained by higher weather-sensitiveness of
the elderly, although it should be noted that non-elderly participate more often in utilitarian
trips (e.g. for work) that are less easy to reschedule in preference to the weather. While
negatively affecting active open-air mode usage for younger age cohorts, normal variations
in precipitation sum and snow cover have no significant effect on elderly mode choices.
When looked at weather extremes, however, elderly mode choices, as well as trip fre-
quencies, are particularly affected by snow/ice, heavy rain and storm, as compared to non-
elderly.
Policy makers who face the challenge to cope with demographic ageing, are advised to
take into account the heterogeneity in mobility responses described above: not only
between elderly and non-elderly, but especially also within the elderly subsample—for
instance when designing policies or marketing campaigns to support walking, cycling or
the use of public transport. For urban planners our results show that the implementation of
compact urban land use designs, with higher densities, mixed building usages, and shorter
distances to services and public transport, has the ability to reduce car use amongst the
elderly population. This could have potential physical and mental health benefits to the
elderly, as well as accessibility and environmental benefits to society. However, an
important remaining challenge is to improve cycleability in densely populated areas, which
appears from our results to be a far more prominent issue for the elderly than for the non-
elderly population. Another important challenge is climate change, especially in cities
where urban heat islands may proliferate due to higher densities and a lack of natural
materials (e.g. Stewart and Oke 2012). In this context it is crucial to provide enough
shading and natural cooling in residential environments and along active transport
infrastructures, particularly in areas with large shares of more heat-sensitive elderly (e.g.
Dı´az et al. 2002; Tuomaala et al. 2013).
Further research is recommended to advance the here-documented knowledge on
elderly mobility in several directions. This paper provides a rough estimation of the effects
of urban and natural form on elderly mobility. However, more quantitative and qualitative
studies are required to investigate the effects of urban environments and processes on
elderly mobility in more detail (e.g. in relation to the quantity and quality of public
transport, walking and cycling infrastructure, distances to services, specific types of green
space), on smaller spatial scales (e.g. on a block or street level) and in more dynamic ways
(e.g. while paying attention to the interactions with rhythms in traffic, pollutants and
noises). These could be connected to more detailed global positioning system-tracked
mobility data on a route level. Additionally, research could further investigate the use of
transport modes neither covered by this (due to limitations of the data) nor by most existing
research, to provide a more inclusive overview of elderly mobility and a more elaborative
insights into the (in)dependency of elderly in their mobility. Examples may include the use
of electric bicycles, mobility scooters, or (powered) wheelchairs, all of which provide
spatial, safety as well as legal challenges when embedded in existing infrastructures (e.g.
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Requejo et al. 2015; Harris et al. 2015). Finally, while most existing elderly mobility
studies, including this study, look at elderly mobility in western societies, more research is
required to investigate the effects in newly industrialised or developing countries (e.g.
Yang et al. 2014b; Olawole and Aloba 2014).
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